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(71) I, Graham Cameron Grant, of 
16/49, Campbell Parade, Manly Vale 2093 
in the State of New South Wales, Com- 
monwealth of Australia; an Australian 
5 Citizen, do hereby declare the invention, 
for which I pray that a patent may be 
granted to me, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following 
10 statement: — 

This invention relates to the delivery of 
gases to a delivery point at a pre- 
determined temperature and at a pre- 

15 determined humidity. It has particular 
application in relation to medical humidi- 
fiers, as herein described, but it is also 
applicable to other type of humidifiers. 
When a person breathes, his air passages 

20 are normally capable of supplying the ap- 
propriate amounts of heat and moisture to 
the inhaled gases. However, under certain 
conditions encountered in medical practice 
a patient's mechanism for supplying heat 

25 and moisture to inhaled gas is interfered 
with, and it becomes necessary to condition 
the gas supplied to the patient artificially. 
The patients for whom administration of 
artifically conditioned gas may be indicated 

30 include shocked or very ill patients, 
patients whose air passagges have been by- 
passed by a tube or tracheostomy for ar- 
tificial ventilation, neonatal patients (who 
have a low reserve of heat and moisture) 

35 under-going intensive care, and patients 
who are subjected to prolonged breathing 
of cylinder-stored compressed gases. Proper 
conditioning of the gas to be supplied to 
each patient involves heating it to a tem- 

40 perature at or near normal body tem- 
perature (37 °Q and humidifying it to a 
level at or near 100% saturation. 

Apparatus which is currently employed 
for the conditioning of gases to be de- 

45 livered to a patient generally takes the 
form of either a nebuliser or a heated 



humidifier. Nebulisers produce a suspen- 
sion of fine water droplets by atomisation 
but they are noisy in operation and they 
are prone to failure as a result of jet 50 
blockage. It is therefore preferable to use 
heated humidifiers which supply heat and 
moisture to a gas by passage through or 
over a heated waterbath or evaporative 
surface and it is to heated humidifiers that 55 
the present invention is applicable. 

Currently available kinds of heated 
humidifiers are either simple humidifiers or 
are heated-hose humidifiers, but each kind 
has its characteristic disadvantages. In 60 
simple humidifiers, gases are passed over 
heated water within a humidification tank 
and are then passed to a patient by way of 
a flexible hose. Considerable heat losses to 
atmosphere occur during passage of the 65 
gas through the hose and, in order to ob- 
tain a delivery temperature at or near body 
temperature it is necessary to heat the 
water in the humidiflcation tank to a tem- 
perature significantly higher than body 70 
temperature, with the result that there is 
heavy condensation along the hose length. 
Unless the condensate is cleared from the 
system a potentially hazardous situation 
may be created. In known designs of 75 
heated hose humidifiers, formation of con- 
densation in the delivery hose is avoided 
by heating the delivery hose so as to main- 
tain the gases therein at a constant tem- 
perature. However, in such designs the 80 
humidification tank itself has been run at 
or near normal body temperature so as to 
supply gas at 100% relative humidity to 
the delivery hose, and such designs have 
required a much larger than normal 85 
evaporative surface because a simple 
humidification tank will not produce 
vapour at above approximately 80% 
saturation at the gas flows involved. The 
designs of humidification tank required 90 
have been complicated and difficult to ser- 
vice and clean. 
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An object of this invention is the provi- 
sion of an improved method and apparatus 
for providing gases to a delivery point at a 

5 hSK to ?P« l ?»» and with a desired 
hum &ty. which in the case of a medical 
humidifer will be about normal boS tern 
perature and about 100°/ o ™atiS » &3E 



responsive to the signal from the tern- 
perature sensor. 

„,-I he J nven . tion as above defi ned contrasts 
HJS. Pn( ?- f 1 desi gns of heated-hose 
humidifier which have operated on the 70 



in *L °, ne * as P ect * e invention provides a JfSfSrfjif* 1 ™ d tein Perature requirfd 
10 method for delivery of warm EL L; -^ ? omt and *« Passing the 

gas to a dehvery Joint, comprising™ ^ SffigLg 1 t throu ^, a , deIive ^ M» Wd 75 

heating the gas to a temperaturf T, and such a ^ ^advantage with 

to a percentage saturation level W. of tes L in is that changes 

than 100% saturation; and neiP, rate 311(1 ta am bient tem- 

15 transferring the gas to a deliverv nmnt jK»2Sf' ? ondltlons Produce corresponding 

via a delivery toe,7ensmg thfSS SSAffST 6 ^ hum ' dity * 80 

of the gas at the dehvery point enJTfSl a! 8 lfr ?■ 1,16 humidifier and entering 

deliverv line hv ^J^J-.^ of ™5 ^Jehvery lin V ^ temperature dif- 



deliver/ line * 
,n ^^ture of fte gks in 

20 & ? lme m accordance with fignals 
from said sensor to prevent condensation 
from forming m the delivery line and to 
provide for a lower temperature T. which 
„ ^f SP ° nds 1 th a seated Wgher pS 
ST SatUrati ° n ICVel W: at ^ deli P e " 



t . i- TT "r 111(5 ™venuon is based on 
SmmSS!*? problems associated 

*n S e ^' h0Se , hu ? idifiers catt be over- 
30 t» n Tii , the ?» leavin S humidification 
Xw£ ^ 1 ? 0% saturat ed and Mb 
allowed to cool during its passage through 
die delivery hose with supply of an 

35 wkhXl heat i ontroIled " ^ accordance 
Z *u % peeved temperature of the lux 
at the delivery point end of the deUvw 
hose so as to prevent condensation in S 
delivery hose and so that the is reachS 

40 SraSri V ^d^ int * *f a PP">pria te S 
In ^ at or near 100 % saturation. 
In another aspect the invention provide 

Sim comprising7 PeratUre * * ^ 



fAr™^. u7 , 111C lein Perature dif- 
ference between the delivery line and the 

S? if "Jf f n Produ ^ e Sensation m he 
™f 1116 former 18 heId bene ath the tem- 
porary operating temperature of the latter. 

SaJ?? J?"?* be toler ated and [s 
SSf A PP Iica nt's invention which 

conSw* ** h - nC tem Perature must be 
controlled — not simply stabilised. 

the temperature sensor conveniently 



The method of the invention is basM n« rJ^J* mpQTat ? xt sensor conveniently 



85 



90 
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warm 37^1^6 
Port for gas to be humidified SPa^oSe? 
P « **. the warm humidified gas- 
hnmidtr^ line between the outlet of the 
50 humidi&cation chamber and the deUver? 

5 5 wstfsr ^ dei= ^ 

heating means for preventine con 
densation from forming in theSery Ike 
and for mamtaining the temperature of rhl 
gas supphed to the delivery noint at rt^ 

60 desired value, and including KeSriS 
resistance heater provided along tnt S 
^.hne.and whose heat dissipation is 
confroDed independently of the temperature 
of the liquid m the humidification chamber 

» by means of a first temperature controller 



„„ t Jti: — - cicinenr located at the 

patient end of the delivery line and it is 
preferably located in the gas stream Th* 
heat applied to the gas pasftag Sought 95 
dhveiy lme is regulated in refponseto the 
temperature sensed by the sensor 

iivery point This permits the use of » 
SSfflfeS «cat£ "nklnd 100 
above 2 ? f the gas to a temperature 
KS 1 h° d y temperature which is 
mat required at the delivery point The 
humidification tank does nkt I 
to produce fulllaLSon fi uSSad"^ 105 
saturation without condensation TSSeSS 

tS^^ a,emperatoedr °P a ^ 
a^ Sve P,e v a S ^ 



» ^v^AXXj^xjoiXIg . 'A * 1 J 

a humidification chamber for suoolvin^ m^ S M - ign S £ bonification tank 

irm humidified gas and iTS whh ftlLZ**?** de 8 rees of saturation 110 

»rt for gas to be imnM;«^ a !SF.? 1 Wlth . cha nges m gas flow throurii ik „^ 



such vanation is unimportant in practice 

araagtwsafiS 1 - 

flow saturation over a wide range of 

tiow rates, and the actual nercemapp 
saturation is not believed to criS 
from the point of view of the patient?wel TO 
bemg provided that it is near 100% 6 " 
tn fif "yeption has particular appiication 
Stieit Thi^ ° f air or oxv Sen to a 
Fn thl tem P er atn« control of the gas 
in the delivery line may be effected bv vis 
means of heating element fe.g. a7el£triod 
resistance type heating elemem) located 
7£Z 0 ° r a ^° Ut ^ e d e« v ery line and S- 
SeSf Substantiallv «he whole lenjh 
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In the interest of conveniennce and 
economics, it is desirable that the same 
humidifier should be suitable for both 
adult and paediatrics use, and to meet this 
5 requirement the following criteria must be 
satisfied : 

a) For adults, the area of the 
evaporaive surface in the humidification 

in chamber must be large enough to produce 
10 a high level of humidity at high gas flow 
rates, and the capacity of the chamber for 
water must be sufficiently large to avoid 
the need for frequent refilling. 

b) For infants, the compression volume 
15 of the humidification chamber should be 

as small as possible so as to minimise the 
compliance of the patient circuit. 

A simple humidification cannot simuitae- 
ously meet these two seemingly con- 

20 flicting requirements. However, these 
problems can be overcome by having a 
water reservoir separated from the hum- 
idification chamber, and maintaining a 

25 constant water level within the humidfica- 
tion chamber by supplying it with water 
from the reservoir as and when required. 
The humidification chamber can then be 
kept quite small to preserve a low com- 
pression volume. However, if there is direct 

30 communication between the reservoir and 
the humidification chamber the problem 
will not be completely overcome, because 
the air within the reservoir can still be 
compressed, and preferably there is there- 

35 fore provided a reservoir chamber com- 
municating with the humidification cham- 
ber by way of a water feed port and a 
valve for controlling the flow of water 
through said port, said valve preferably 

40 closing during the compression (inspiratory) 
phase and when the level of water within 
said chamber rises above a predetermined 
level but operating to admit water to the 
humidification chamber while preventing 

45 the water level within the humidification 
chamber from reaching such a level that it 
interferes with gas passage between the 
inlet and outlet ports. 
The invention will now be described in 

50 more detail, by way of example, with refer- 
ence to the accompanying largely dia- 
grammatic drawings, in which: 

Figure 1 is a schematic representation of 
a humidifier illustrating the general prin- 

55 ciples underlying the invention; 

Figure 2 is a perspective view of a 
medical humidifier: 

Figure 3 is a sectional view of a portion 
of the humidifier shown in Figure 2; and 

60 Figure 4 is a schematic representation of 
electrical circuitry associated with the 
humidifier shown in Figures 2 and 3. 

As shown in Figure 1, a gas such as air 
or oxygen is delivered by way of a conduit 

65 10 to a heated-tank-type humidifier 11 



where the gas is warmed and humidified 
after which it is passed from the humidi- 
fier 11 to a delivery point 12, typically a 
patient, via a flexible delivery line 13. The 
humidifier 11 is controlled to humidify the 70 
gas to a percentage saturation level W L 
less than 100% relative humidity and, ty- 
pically, to a percentage saturation level of 
80-90% saturation and to heat the gas to a 
temperature T. higher than the tern- 75 
perature T 2 required at the delivery point 
Then, to provide for delivery of the gas to 
the patient at a desired higher percentage 
saturation level W 2 , typically at 100% 
saturation, the temperature along the de- 80 
livery line is controlled to give the lower 
temperature Tj at the delivery point. The 
values of T lf W;, T L and W a are chosen 
such that (a) when the gas reaches the de- 
livery point at the desired temperature T2 85 
it has the desired vapour level W 3 , and (b) 
that condensation is prevented from for- 
ming in the delivery line. 

Temperature control is effected in order 
to partially-offset heat losses along the de- 90 
livery line and so provide the desired lower 
temperature T 2 by locating a resistance 
heater 14 within the delivery line. 

A medical humidifier for use in the in- 
vention is shown in Figures 2 and 3 and 95 
forms the subject of my co-pending 
divisional application 1670/76. (Serial No. 
1448474). It comprises a reservoir chamber 
15 which is mounted to a humidification 
chamber 16, the two chambers 15 and 16 100 
being screw connected at 17. It will be 
noted that the reresvoir chamber 15 and 
the humidification chamber 16 comprise an 
integral structure, the reservoir chamber 
being disposed above the humidification 105 
chamber and separated therefrom by a 
common partition 18 having an aperture 19 
which is the water feed port and which 
connects the humidification chamber 16 
with the reservoir 15. A predetermined 110 
water level is maintained within the 
humidification chamber by a float sup- 
ported needle valve 20 which is located in 
the humidification chamber inside an en- 
closure which is spaced at its lower end 115 
above the floor of the humidification 
chamber and which allows unobstructed 
flow of liquid through it, said enclosure 
being constituted by a cage portion 21 of 
the reservoir base. The float 20 can be 120 
operated to a closed position in which it 
seals against the port 19 when the water 
level in the humidification chamber 16 
rises above the predetermined level and 
when the pressure in the chamber rises, for 125 
example during inspiration. 

It will be noted that the cage portion 21 
defines with an upper portion of the 
humidification chamber an annular passage 
which annular passage terminates at its 130 
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lfc'2£&'Zi$£fs2r~ SSL?". T°5 *™ » — 

inlet nnrt o«j „ 7 . c a «P* me temperature level of ons ™>c«,» f,~~ 



— . — -— »">-• iwvci ui mc lower 
or the water feed port 19 and above a gas 
inlet port 23 and a gas outlet port 24 

5 humidification chamber rise to the level of 
the water feed port, two arcuate flow paths 
extending along opposite halves of the 
cross-section of the humidification chamber 
from the gas inlet port 23 to the gas outlet 

10 port 24 still exist above the w^rleVel for 
flow raerefluxmgh of gas passing through 
fte hunudification chamber from the gas 
inlet port to the gas ouflet port 

15 « * ^ 22 Provides an opening 

tigh? e res which when Cl0sed 

hilS3 pim ?? ^ (° r oxygen) to be 

heated and humidified is directed into the 
humidification chamber 16 by way of the 
20 mlet port 23. and the heatWmidffied 
gas passes from the humidification cham- 
ber by way of die exit port 24 and delivery 

iEf I ^ t ? n8fcr t0 &e w ater within 
Uie humidification chamber and to air 



— - «"UB-auuu cnamoer and to air „„„:„,• \ 7 "-i^"-" iur current 

25 passing through it is effected by way of a 32 na J K S ) ^ bc effected hoth manually to 

heating coil 26 upon which the humidifica- L . he ? ter . 14 and automatically, in 90 

tion chamher 1ft *™™„n„ „:Jr -JSr™ IQU ?. ca response to the sisnal from «« u 



tn*~ "T5r " » cuewea Dy way of a 
heatmg coil 26 upon which the humidifica- 
£S ?5 a ? lb 1 er 16 normally sits. The heating 
coil 1 26 is located within a pocket portion 
27 of a casing 28 which houses the control 
30 gear associated with the humidifier, with 
the delivery line 25 and with the tem- 
perature sensor at the delivery point end 
thereof (which control gear h shown hi 
Figure 4 of the drawings) 
35 It will be noted that the water feed port 
19 opens into die humidification chamber 
16 at a level which is not higher than the 

40 *«^/ <hat i^l nonnal operating con- 
nT fef- when ^ reservoir is not being 
Med wrth water), the reservoir is sealed by 

S^riSf'f m the - ? va P° rat ion chamber 
is prevented from rising to a level such 

2f fl f^ out k kit's 

fntlw °L th l eva P ora tion chamber or 
mterferes wrfh the passage of gas there- 
through m the event of the float 20 stict 
V) fc^n 0pcn Position. Also, a fail-safe 
50 high/low water sensor device (not shown) 

SLmW 1 *! ^ ^ wall of 
humidification chamber 16. 

fi^ *¥ v ? y H? 6 25 b constituted by a 
flexible plastics hose which has a helical 
55 electacalresistance element (14, see Hgure 
eL21 d „ e 5 m lts walL The resistance 
S L« ?T ?t a secondary heater, as 
above described with reference to Figure? 

60 2?* d v 1Veiy lme 25 15 connected bltween 
Sin?? P ° rt „ 24 md the delivery "3 
to li^^^^ tobe sector 29 
to which the delivery line is joined bv a 

SC**? fitted its inSfwhn a 

sensor 31, such as a thermistor or 
65 platmum resistance element, wired to the 



r e>~~*. ***v o^uaui serves io detect 

the temperature level of gas passing from 
the delivery lme and control the electrical 
energy, supplied to the resistance element 

14. jq 

The control gear associated with the 
above described apparatus is shown in 
figure 4 and includes a power supply 32 
(which may be a mains supply). The power 
supply is connected through a variable or 75 
manually pre-settable temperature con- 
troller 33 to the gas/ water heater 26, and 
through a transformer 34 to a variable 
temperature controller 35. The temperature 
controller 35 provides a low voltage en- 80 
ergising current to the heater coil 14, the 
current level being selectively variable to 
effect a required heat transfer to gas pass- 
ing through the delivery line 25 such that 
tfte gas cools during its passage through 85 
die delivery lme but condensation is pre- 
vented from forming therein. Adjustment 
of the controller 35 (to provide for current 
variation) can be effected both manually to 

Preset the hunter 1A o,,^ * • 



* ~» « ««« tiuLumaiicauy, m 

response to the signal from the .sensor 31 
A deliyery-gas-temperature read-out device 
«J6, which is controlled by the sensor 31 is 
incorporated in the circuit. 

In operation of the device above de- 95 
scribed, the heater 14 is controlled 
automatically (as above mentioned) to 
f or a desired temperature T, 

£Lri-t„ 1V6 7 e, i d «£ ^ line ^ Also, the 
heating level of the heater coil 26 is 100 
adjusted and set to effect heating of the 

%t m E aSS, ?l fbma ^ the humidification 
chamber 6 to a temperature T, v/hich 
wdl provrfe for a desired percentage 

teinplraturi^ * ^ ^ ^ «» 

fc,3?£ fOTe J a i*- ou g h the simple type of 
humidifier described herein would not nor- 
Produce fuU saturation of a gas 
w£e ^"midification chamber over die 110 
m,i^T ge ^ rates which would be re- 
quired m medical practice, this is not a 

veS 1 ^, thC a PP^ of the in- 
vention. The temperature of the system in 
accordance with the above described [ em- 115 
bodnnent may be adjusted in such a man- 
ner that a controlled temperature drop S 
ti— p is permitted alon? the delivery 
me to produce full saturation at the ^ de- 
livery point. By controlling the temperature 120 

,.A further significant feature of the de- 19<; 
from a patient circuit. tonnect me Gevice 
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WHAT I CLAIM IS: — 

1. Apparatus for delivering humidified 
gas at a desired temperature to a delivery 
point comprising: 

5 a humidification chamber for supplying 
warm humidified gas and having an inlet . 
port for gas to be humidified and an outlet 
port for the warm humidified gas; 
a delivery line between the outlet of the 

10 humidification chamber and the delivery 
point; 

a temperature sensor at the delivery 
point end of the delivery line for providing 
a signal significant of the delivered gas 

15 temperature; and 

heating means for preventing con- 
densation from forming in the delivery line 
and for maintaining the temperature of the 
gas supplied to the delivery point at the 

20 desired value, and including an electrical 
resistance heater provided along the de- 
livery line and whose heat dissipation is 
controlled independently of the temperature 
of humidifying liquid in the humidification 

25 chamber by means of a first temperature 
controller responsive to the signal from the 
temperature sensor. 

2. An apparatus according to claim 1, 
further comprising a reservoir chamber 

30 communicating with, the humidification 
chamber by way of a water feed port and 
a valve to admit liquid to the humidifica- 
tion chamber from the reservoir chamber 
but to prevent liquid within the humidifica- 

35 tion chamber from reaching such a level 
that it interferes with gas passage between 
the inlet and outlet ports. 

3. An apparatus according to claim 2, 
wherein the water feed port opens into the 

40 humidification chamber at a level which is 
not higher than the gas inlet and outlet 
ports, and under normal operating con- 
ditions (as defined herein) the reservoir is 
.sealed, whereby the level of water in the 

45 humidification chamber is prevented from 
rising to a level such that the water flows 
out through the gas inlet and outlet ports 
or water interferes with the passage of gas 
therethrough in the event of the valve 

50 sticking in the open position. 

4. An apparatus according to claim 2 
or 3 wherein the valve is operated by a 
float within the humidification chamber 
and wherein the valve is operated to a 

55 closed position when the pressure within 
the humidification chamber rises and when 
the level of water within said chamber 
rises above a predetermined level. 

5. An apparatus according to claim 2, 
60 3 or 4, wherein the reservoir is provided 

with an opening for admission of water 
said opening having a removable air-tight 
closure. 

6. An apparatus according to any one 
65 of claim 4 or 5, wherein the float is 



located in the humidification chamber in- 
side an enclosure which is spaced at its 
lower end above the floor of the 
humidification chamber and which allows 
unobstructed flow of liquid through it 70 

7. An apparatus according to claim 6, 
wherein the enclosure defines with the 
upper portion of the humidification cham- 
ber an annular passage which passage ter- 
minates at its upper end above the level of 75 
the lower end of the water feed port and 
the gas inlet and outlet ports whereby, 
.should the water level in the humidifica- 
tion chamber rise to the level of the lower 
end of the water feed port, two arcuate 80 
flow paths extending along opposite halves 

of the cross section of the humidification 
chamber from the gas inlet port to the gas 
outlet port still exist above the water level 
for flow therethrough of gas passing 85 
through the humidification chamber from 
the gas inlet port to the gas outlet port 

8. An apparatus according any one of 
claims 2 to 7, wherein the reservoir cham- 
ber and the humidification chamber com- 90 
prise an integral structure, the reservoir 
chamber being disposed above the 
humidification chamber and separated 
therefrom by a common partition having 

an aperture which is the water feed port 95 

9. An apparatus according to any one 
of the preceding claims, further comprising 
a heater for the humidification chamber 
which in operation is positioned thereon, the 
heat dissipation of the heater being con- 100 
trolled by means of a second temperature 
controller associated therewith, and said 
heater being located within a pocket por- 
tion of a casing containing the first and 
second temperature controllers. 105 

10. An apparatus according to any one 
of the preceding claims, wherein the de- 
livery line is a tube of flexible plastics 
material and the electrical resistance heater 

is disposed within or about the wall of the 110 
tube and extends substantially the whole 
length thereof. 

11. An apparatus according to any one 
of the preceding claims, further comprising 

a delivery-gas temperature read-out device 115 
controlled by the temperature sensor. 

12. An apparatus according to any one 
of the preceding claims, wherein the first 
temperature controller operates to cause 

the gas to cool during its passage through 120 
the delivery line but to prevent con- 
densation from forming therein. 

13. An apparatus according to claim I 
substantially as herein before described 
with reference to Figures 2, 3 and 4 of the 125 
accompanying drawings. 

14. A method for delivery of warm 
humidified gas to a delivery point com- 
prising: 

heating the gas to a temperature T x and 130 
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to a percentage saturation level W x of less 
than 100% saturation; 
m transferring the gas to a delivery point 
vui a delivery line, sensing the temperature 
5 ot the gas at the delivery point end of the 
delivery line by means of a sensor and 
controlling the temperature of the gas in 
tiie delivery line in accordance with signals 
from said sensor to prevent condensation 



from forming in the delivery line and to 10 
provide for a lower temperature T, which 
corresponds with a selected higher per- 
centage saturation level W 2 at the delivery 
point. J 

15 A method according to claim 14 
substantially as hereinbefore described. 

REGINALD W. BARKER & CO. 
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